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(54) PRODUCTION OF POLYSULFONE RESIN SEMIPERMEABLE MEMBRANE 

(57)Abstract: " — 

PROBLEM TO BE SOLVED: To provide a membrane 
whose water-permeability and fractional molecular 
weight can be made to be a wide range and in which t H i 

choking and staining hardly occur by using a solution in -q— ^o^£-^q^-3-^)-£U3— / 0 Xk — j 

which a polysulfone resin and a hydrophilic polymer and chs ~ 1 

mixed and dissolved as a film forming dope and 

thermally cross-linking the formed film. 

SOLUTION: As for a polysulfone resin having formula I 

and II as a composition component of a film forming 

dope, any range of the concentration is acceptable if it 

is sufficient to form a film and given proper 

characteristics to the film. However, due to the 

necessity to cover the decrease the polymer 

concentration to obtain high water-permeability and _qV^\_$ 0j _/qV_ ^ 

high fractional molecular weight, it is preferably that the 

concentration of the polysulfone resin is about 5-20%. It 

is proper that the addition amount of 

polyvinylpyrrolidone as a hydrophilic polymer is 3- 

10wt.%, through it also depends on the molecular weight. 

In the case that these two polymers are mixed and dissolved in a solvent and then water is 
added as an additive, the addition amount of water should be about 1-5wt.% since coagulation 
property of the polysulfone resin is high. The addition amount of the hydrophilic polymer may 
be lessened by adding the fourth component. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the polysulfone system resin semipermeable membrane 
characterized by carrying out heat bridge formation of the film which fabricated polysulfone 
system resin and a hydrophilic macromolecule, using the solution which carried out the mixing 
dissolution as a film production undilutecTsolution. ' ~*«ss# 

[Claim 2] The manufacture approach of polysulfone system resin semipermeable membrane 
according to claim 1 that a hydrophilic giant molecule is a polyvinyl pyrrolidone. 
[Claim 3] the solution which carried out the mixing dissolution of polysulfone system resin and 
the hydrophilic macromolecule — this polysulfone system resin — receiving — a non-solvent - 
- or — a swelling agent — the manufacture approach of the polysulfone system resin 
semipermeable membrane according to claim 1 or 2 characterized by using the system which 
added the additive as a film production undiluted solution. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which this invention belongs] This invention relates to the manufacture 
approach of polysulfone system resin semipermeable membrane^ sra ~ v ...-.-v 
[0002] 

[Description of the Prior Art] Conventionally, as a material of semipermeable membrane, many 
high molecular compounds, such as a cellulose acetate polyacrylonitrile polymethyl- 
methacrylate polyamide, have been used. On the other hand, although originally used as 
engineering plastics, since polysulfone system resin has the heat-resistant stability, acid-proof 
and alkali resistance and biocompatibility, and good resistance to contamination, it attracts 
attention as a semipermeable membrane material. 

[0003] JP,58-104940,A etc. is conventionally proposed as an approach of obtaining the 
semipermeable membrane using polysulfone system resin in for example, journal OBU applied 
polymer Science (20 volumes, 2377-2394 pages, 1976) and (said 21 volumes, 1883-1900 pages 
and 1977). However, since this resin has too strong intermolecular cohesive force and 
blockades a surface hole and the internal hole which should be penetrated, control of hole 
formation becomes difficult. For this reason, only the thing with a as small and cut off molecular 
weight which also has small water permeability as [ or less ] 100,000 is obtained. On the other 
hand, the following means are proposed in recent years as an attempt which opens a big hole in 
a front face by the film using polysulfone system resin. 

[0004] ** How to use the microfacies separation between different-species polymers. (JP,48- 
176,B, JP,54-144456,A, a 57-50506 official report, a 57-50507 official report, 57-50508 official 
report) 

** How to have an extract and elution actuation after film production. (JP,54~26283,A, a 57- 
35906 official report, 58-91822 official report) 

** How to produce a film in the state of metastable liquid distribution of a film production 
undiluted solution. (JP.56-1 54051 ,A, a 59-58041 official report, a 59-183761 official report, 59- 
189903 official report) 

** How to put creativity at the time of spinning (JP,59-228016,A) 

However, by the approach of **, it has come to obtain a 100,000 or more-cut off molecular 
weight big hole only by using the difference in the coagulation rate between polymers. In order 
to blend in large quantities moreover, the original good engine performance of polysulfone 
system resin is easy to be lost. Moreover, the approach of ** is eluted, it is large and an extract 
and the inorganic granulation of blend polymer are classified into two approaches. In the former, 
although the polyethylene glycol and the polyvinyl pyrrolidone were main polymers, obtaining 
sufficient aperture and extract operation were difficult. In the latter example, silica powder is 
mixed, elution is carried out after film production by said JP,58"91 822,A, using alkali, and it is 
0.05 micrometers. Although it has succeeded in opening the above big hole, by this manufacture 
approach, the film which takes other pore size distribution from the same film production 
undiluted solution cannot be manufactured. ** Just before an approach mixes the non-solvent 
or swelling agent of polysulfone system resin in large quantities to a film production undiluted 
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solution and this film production undiluted solution carries out phase separation, it is a thing 
which it is and which produces a film by the way. By this approach, there is a fault which cannot 
use the temperature effect of a coagulation bath advantageously. ** Although an approach is 
spraying the wind of high humidity at the time of film production and aperture expansion in this 
front face is realized, if there is the effectiveness only in one side and it results especially in a 
hollow fiber, by this approach, only the thing of the range where a cut off molecular weight is 
small is obtained. 

[0005] The manufacture approach of the polysulfone system resin semipermeable membrane of 
these former has the description in which the film production undiluted solution carries out 
phase separation at low temperature. For this reason, even if it gathered the rate of exchange 
of the non-solvent in a coagulation bath, etc. and the good solvent in the film and raised 
coagulation bath temperature utterly at the time of film production, in order that a film 
production undiluted solution might carry out balanced migration to the direction of a 
homogeneous system, it was what has the fault that a compact layer tends to be made on a 
front face, and the fault that the various semipermeable membrane which has broadly water 
permeability and a cut off molecular weight from the same undiluted solution cannot be 
manufactured. — *- ■'■■«*- *=ss=g ■ 

[0006] 

[Problem(s) to be Solved by the Invention] this invention persons analyzed the above- 
mentioned fault, and as a result of inquiring wholeheartedly, they reached this invention. It aims 
at offering the manufacture approach of the polysulfone system resin semipermeable membrane 
which can take water permeability and a cut off molecular weight broadly, and neither loading 
nor dirt can start especially easily. 
[0007] 

[Means for Solving the Problem] This invention has the next configuration. Namely, the 
"manufacture approach of the polysulfone system resin semipermeable membrane 
characterized by carrying out heat bridge formation of the film which fabricated polysulfone 
system resin and a hydrophilic macromolecule, using the solution which carried out the mixing 
dissolution as a film production undiluted solution." 
[0008] 

[Embodiment of the Invention] The film production undiluted solution used in order to 
manufacture polysulfone system resin semipermeable membrane in this invention consists of 3 
component systems which consist of polysulfone system resin, a hydrophilic macromolecule, 
and a solvent fundamentally. Furthermore, it is also desirable to add an additive into a 
membrane formation undiluted solution. 

[0009] the polysulfone system resin said here — usually — a formula (1) — or (2) — 
[Formula 1] 

CHs 

-0-h(^C--^^0-^^ ( 1 ) 

CHs 

-0-<o)-S02 ~(o)— ( 2 ) 

Although it consists of a ********** unit, the functional group is included, or you may be the 
thing of an alkyl system and it does not limit especially. 

[0010] A hydrophilic macromolecule is a macromolecule which there are polysulfone system 
resin and compatibility and has a hydrophilic property. Although a polyvinyl pyrrolidone is the 
best and a denaturation polyvinyl pyrrolidone, a copolymerization polyvinyl pyrrolidone, polyvinyl 
acetate, a polyethylene glycol, etc. are mentioned to others, it is not limited to these. 
[001 1] Both solvents are solvents which dissolve polysulfone system resin and a hydrophilic 
macromolecule. Dimethyl sulfoxide, dimethylacetamide, dimethylformamide, an N~methyl-2- 
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pyrrolidone, the dioxane of dimethylacetamide, dimethyl sulfoxide, dimethylformamide, and an N- 
methyl-2-pyrrolidone, etc. are especially desirable although various solvents are used. 
[0012] If an additive has a solvent and compatibility, and serves as a good solvent of a 
hydrophilic macromolecule and it becomes the non-solvent of polysulfone system resin, or a 
swelling agent, anything, it is good, for example, has water, methanol, ethanol, isopropanol, 
hexanol, 1, and 4-butanediol etc. Considering a production cost, water is the most desirable. 
What is necessary is just to choose an additive, after taking the freezing characteristic over 
polysulfone system resin into consideration. 

[0013] Easy for men of the same trade considers the combination which is arbitrary in each as 
for these combination, and has the above-mentioned property. Moreover, the mixed stock of 
two or more kinds of compounds is sufficient as a solvent and an additive. 

[0014] As a presentation of this film production undiluted solution, polysulfone system resin is 5 
- 50 % of the weight that what is necessary is just the density range which can produce a film 
and has a property as film. In order to obtain high water permeability and a big cut off molecular 
weight, polymer concentration should be lowered and is 5 - 20 % of the weight desirably in this 
case. It becomes impossible to obtain sufficient viscosity of a film production undiluted solution, 
but to form the film at less than 5 % of the weight Moreoven*rf^0 % of the weight is-^eWedHdf^ ' ~ * 
it will be hard coming to form a through tube. 

[0015] In the case of a polyvinyl pyrrolidone, the thing of molecular weight 360,000, 160,000, 
40,000, and 10,000 is marketed from GAF, as for especially the hydrophilic giant molecule, it is 
convenient to use this, but the thing of the other natural molecular weight may be used for it. 
However, as one of the reasons of addition of a hydrophilic macromolecule, for a certain reason, 
the thickening effectiveness is also so little that an addition uses the thing of the amount of 
macromolecules, good, and since the inversion of the temperature dependence of a phase 
separation phenomenon also becomes remarkable again, in order to obtain the permeable high 
film, it is advantageous. One to 20% of the weight, although especially the addition of a polyvinyl 
pyrrolidone has 3-10 desirable % of the weight, it is influenced by the molecular weight of the 
polyvinyl pyrrolidone to be used. When there are generally too few additions, and molecular 
weight is too low, if the inversion phenomenon of phase separation is difficult to get, polymer 
concentration is high and polymer molecular weight is too large, washing after film production 
will become difficult. So, it also becomes one approach to mix that from which molecular weight 
differs, to carry out a role assignment, and to use. 

[0016] The mixed dissolution of the two macromolecules is carried out above at a solvent. 
Since it is high, 1 - 5 % of the weight has freezing characteristic desirable especially especially 
in the case of water although it is desirable to add an additive here 7 or less % of the weight for 
polysulfone system resin. When using an additive with small freezing characteristic, it is guessed 
easily that an addition increases. 

[0017] In this invention, since this 4th component is added, the amount of a hydrophilic 
macromolecule can be lessened. The phase separation temperature of a film production 
undiluted solution falls as the concentration of an additive becomes high. What is necessary is 
just to set up low phase separation temperature, in order to obtain high water permeability and 
cut off molecular weight and to promote phase separation powerfully at the time of film 
production that what is necessary is just to make a setup of phase separation temperature into 
**** by the water permeability of the film for which it asks, or the cut off molecular weight. 
Moreover, the same effectiveness is acquired even if it makes temperature of a coagulation 
bath high. Since the film production undiluted solution used by this invention serves as a 
homogeneous system at low temperature, its undiluted solution stability is also good. 
[0018] Polysulfone system resin semipermeable membrane is obtained under the above 
conditions. Film production actuation should just use a well-known technique. About a flat film, 
this film production undiluted solution is flowed on a flat substrate, and it is immersed into a 
coagulation bath after that. About a hollow fiber, in order to maintain a hollow gestalt, infusion is 
used, although it is [ spinning stability ] better to use a thing lower than the high thing of 
freezing characteristic for infusion to a film production undiluted solution — coagulation bath 
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temperature and phase separation temperature, and a mouthpiece — what is necessary is just 
to decide the best presentation suitably, since the smooth nature of a hollow fiber wall changes 
by correlation with temperature Hydrocarbons, such as the inactive Deccan octane undecane, 
may be used for polysulfone system resin. Moreover, a gas may be poured in and a hollow 
gestalt may be made to hold. Dry type length is 0.1 -20cm, and 0.5-5cm is [ spinning stability ] 
still more desirable especially well. When a film is produced on the same presentation and the 
same conditions, the diameter of the hole which the flat film punctures on a front face from a 
hollow fiber tends to become large. 

[0019] When the polysulfone system resin semipermeable membrane obtained by this approach 
makes a hydrophilic macromolecule remain in the film, it comes to give ^solubilization 
processing to water by improving water wettability and constructing a bridge by heat. 
[0020] 

[Example] still more detailed [ in this invention ] by the following examples — it explains. 
[0021] Hereafter, the used measuring method is as follows. 

[0022] (1) In the case of the permeable hollow fiber, this hollow fiber was inserted in the glass 
case which equipped both ends with the hole for ring current liquid, it produced the small 
module using the commercial potting agent, and measured peTFRfeable ability by the appfo^ir^t^ 
compute from the amount of the water of fixed time amount which keeps at 37 degrees C, 
pours water pressure on the hollow filament inside, and is penetrated outside through the film, 
an effective film surface product, and the differential pressure between film. 
[0023] In the case of the flat film, it measured similarly using the churning cylinder cel. 
[0024] The example 1 polysulfone (YUDERU P-3500) 15 section, polyvinylpyrrolidone (K90) 8 
section, 1, and 4-butanediol 7 section was added to the dimethylacetamide 70 section, and the 
heating dissolution was carried out. Minute amount addition was carried out further and this film 
production undiluted solution prepared 1 and 4-butanediol so that phase separation might be 
carried out at 70 degrees C. the mouthpiece which consists the prepared undiluted solution of 
an annular orifice with an outer diameter [ of 1.0mm ], and a bore of 0.7mm — it breathes out, 
pouring in dimethylacetamide / water =85/15 as infusion from the inside of a hole — making — 
a mouthpiece — the coagulation bath which has water which kept it warm at 51 degrees C 
caudad installed 1.0cm from the field was passed, it rolled round to the skein after rinsing by the 
usual approach, and the hollow line-of-thread film was obtained. The mouthpiece kept it warm 
at 60 degrees C. The water permeability of the obtained hollow fiber showed the engine 
performance of 1320 ml/m2 and hr-mmHg. 

[0025] Furthermore, when 175 degrees C of this hollow fiber were processed for 5 hours and 
heat bridge formation of the polyvinyl pyrrolidone was carried out, water permeability became 
1 5800ml / m2, and hr-mmHg. When the eluting material test after rinsing was performed, there 
was almost no effluent. 

[0026] The example of comparison 1 polysulfone 12 section and the polyvinylpyrrolidone 6 
section were added to the N-methyl pyrrolidone 82 section, and the heating dissolution was 
carried out. This undiluted solution was kept warm at 50 degrees C, and the film was produced 
like the example 1. Water permeability was as low as 600 ml/m2 and hr-mmHg. 
[0027] With the undiluted solution of the example 1 of example of comparison 2 comparison, it 
maintained at the undiluted solution and the room temperature, and the film was produced 
similarly. Water permeability was 250 ml/m2 and hr-mmHg. 

[0028] Although the water 2 section was added to the example of comparison 3 polysulfone 15 
section, and the dimethylacetamide 83 section, the heating dissolution was carried out and the 
film was produced like the example 1 of a comparison, only what has as low water permeability 
as 25 ml/m2 and hr-mmHg was obtained. 

[0029] When it gave the film of the examples 1-2 of example of comparison 4 comparison with 
the extract of a polyvinyl pyrrolidone, and heat bridge formation processing, most water 
permeability was set to 0. 
[0030] 

[Effect of the Invention] This invention can take broadly the water permeability of polysulfone 
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system resin semipermeable membrane, and a cut off molecular weight. The base material of 
bipolar membrane can also be manufactured by choosing undiluted solution conditions and film 
production conditions appropriately. And to loading and dirt, since it is strong, the polysulfone 
system resin semipermeable membrane obtained can be used as a general industrial use way 
and a constituent-of-blood demarcation membrane of a medical field from a reverse osmotic 
membrane to high performance ultrafiltration membrane (or micro filter). 



[Translation done.] 
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